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. A fcethod to jfcontrol an ^veractivej ^ladder^ 

k i A A 

This application concerns a method to control an overac- 
tive bladder and to estimate bladder volume, comprising 
an implanted sensor, which sensor comprises, at least one 
nerve electrode to sense electrical signals, means for 
stimulation of nerves to inhibit detrusor contraction, an 
electronic unit to detect events from nerve signals and 
generate electrical pulses for stimulating nerves'. 

US 4,406,228 discloses a system that purportedly condi- 
tions pelvic floor musculature by means of neurostimula- 
tion for the purpose of controlling urinary loss. Such 
system includes stimulation apparatus for applying elec- 
trical pulses to electrodes implanted in the abdominal 
region or to a plug positioned in an anus. The plug con- 
tacts the spincter muscle of the anus for the alleged 
purpose of inhibiting bladder, contraction in response to 
excitation of the plug. 

In this way the bladder volume is not measured, which can 
lead to bladder over distensions, and can lead to bladder 
rupture . 

The storage phase of the micturition cycle requires a 
stable bladder with high compliance ( i . e . a^felaxed blad- 
der) and closed urethral outlet. Howev^f due to the 
feedback system the bladder may easdTly become unstable. 
Any stimulus that elicits a smarll burst of impulses in 
the mechanoreceptor affer^fcs, such as coughing and jump- 
ing may trigger- an invedfuntary micturition reflex and - 
cause urine leakage: To prevent this from happening the 
neural control ^ystem is equipped: with several inhibitory 
circuits, hiarth at spinal- and -supraspinal levels, which 
prevent J^ne detrusor muscle to contract. However, these 
inhibitory circuits are susceptible to a variety of neu- 




# 



WO 00/25859 



PCT/DK99/00589 




10 



rologic disorders* Therefore patients with neurologic 
disorders frequently puffer from urinary incontinence due 
to involuntary detrusor contractions. 

The impaired storage function could in prinqiple be im- 
proved by methods that decrease the sensitivity of the 
bladder afferents, decrease the activity of the bladder 
efferents or increase the bladder volume/capacity. Avail- 
able treatment options are therefore: surgical augmenta- 
tion of the bladder [Sidi et al . , 1990], surgical deaf- 
ferentation of the bladder [Koldewijn et al., 1994], the 
use of anticholinergic drugs and the use of intravesical 
capsaicin [Wiart et al., 1998]. 



15 Bladder inhibition by electrical-Stimulation has been de- 
scribed before [e.g. Vodusp^Cet al . , 1988; Wheeler et 
al . , 1992] but only cp*r£inues stimulation was used, e.i, 
stimulation is perirfanent except during voiding. 
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Add: t\ Lefurge, E. Goodall, K. Horch, L. Stensaas, and A. 
Schoenberg\ "Chronically implanted intraf ascicular recording 
electrodes/' Aonal^ of Biomed. Eng., vol. 19, pp. 197-207, 
1991. 
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Add: J.N. Sengupta, G?X- Gebhart, "Mechanosensi tive prop- 
erties of the pelvic nels^ve afferent fibres innervating 
the urinary bladder of the\at," J. Neurophysiol . , vol. 
-33t- pp. 242 -0-^ 30, 19 ^ 



Smto*Ri 6?-rt£ &i0M<z 

m ke— ek- j o ct of tho inventions i c: 




1) treatment of involuntary loss of urine (incontinence) 
35 due to involuntary detrusor contractions (detrusor 

overactivity) 
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2) estimation of bladder volume. This finds particular 
application in patients who use aids to empty their 
bladder e.g. intermittent catherisation or electrical 
stimulation. 

5 

The invention finds particular application in patients 
where the involuntary detrusor contraction is associated 
with a neurologic disorder. 

10 Treatment of detrusor overactivity and extimation jof 

bladder volume can be achieved by a method as described 
in the first paragraph using a closed loop stimulation 
system to allow event driven inhibition of /the bladder 
where stimulation is only applied when apt undesired blad- 

15 der contraction occurs, and an implanted sensor compris- 
ing at least one nerve electrode to/sense electrical sig- 
nals from nerves innervating the ^bladder. Sensing elec- 
trical signals related to mechanical bladder activity via 
said sensor, and detecting tjrfe onset of a bladder con- 

20 traction, and estimation of/bladder volume using signal 
processing methods, and /activating an inhibitory neural 
circuit by stimulating^ afferent nerve fibbers, in re- 
sponse to detection/of the onset of a bladder contrac- 
tion. / 

25 / 

By this methhd no nerves has to be cut, and no irreversi- 
ble surgery/has to be done. Stimulation of neural tissue 
only take^ place when needed, and the volume of the blad- 
der is monitored. The present invention uses electrical 

30 stimulation to inhibit the bladder. Inhibition of the 

bladder by electrical stimulation Is possible since, be- 
sides the mentioned neural inhibitory circuits, addi- . 
tional spinal inhibitory circuits exist to prevent invol- 
yuntary leakage during e.g. defecation, coitus and physi- 

35 / cal activity. Activation of the afferent path of these 
/ neural circuits has two effects: they activate the in- 
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hibitory sympathetic neurones to the bladder and they 
provide central inhibition of the preganglionic detrusor- 
motoneurons through a direct route in the spinal cord. 
These additional inhibitory reflexes ,a£re not suppressed 
during micturition, which means th#t they are quite capa- 
ble of interrupting a detrusor contraction. Activation of 
these reflexes by electrical ^Stimulation is a non- 
destructive alternative mejmod for patients who are re- 
fractory to drugs, cannoc tolerate the side effects or 
for other reasons do no t accept a drug treatment. 

Primalarythe reco/aed nerve signals comes from afferents 
innervating mecKanoreceptors located in the bladder wall. 
By detecting yche onset of the bladder contraction the 
stimulator >could be activated only when contraction oc- 
curs, and/continuos stimulation is not necessary. This 
minimises the risk of neural damages due to the stimula- 
tion ./in addition, if the patient can sense the stimula- 
tion, the duration of stimulation should be minimised to 
mmimise the discomfort . 

• The step of implanting a sensor mijgirtrcomprise the step 
of implanting a nerve cuf f^e^€ctrode . The cuff electrode 
has been used succes^-ftTlly in other applications and has 
been shown tob^safe for human implants. 

The step of implanting a sensor might comprise the step 
of implanting an intraf asicular electrode [Lefurge et 
al . , 1991], The intraf asicular electrode is flexible and 
smaller, and might be preferred in locations where lim- 
ited space is available. 



The electrodes can be used to detect efferent or afferent 
nerve activity. The same -electrode could be used to rec- 
ord both types of nerve signals. 
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The electrode can be placed on a nerve that contains af- 
ferent nerve fibres innervating mechanoreceptors located 
in the bladder. In this way information about the status 
of the bladder can be obtained . 

The electrode can be located aj^ttie intradural or ex- 
tradural dorsal sacral ne£*r£ roots. In this way the elec- 
trodes can be placejj^t a mechanical stable position, and 
the nerve root^re relatively long, which enables easy 
placement ^et electrodes. 

The electrode can be. placed on a nerve that contains ef- 
ferent nerve fibres innervating the bladder, so bladder 
activation can be monitored. 

The electrode can be located at the^inffadural or ex- 
tradural ventral sacral nerji^<foots . In this way the 
electrodes can be pla,Getfat a mechanical stable position, 
and the nerve rcr6ts are relatively long, which enables, 
easy placertfent of electrodes. 

The electrode might be located at at least one of the 
preganglionic pelvic nerve branches and postganglionic 
nerve branches. In this way nerve signals from the blad- 
der can be Recorded more selectively without contamina- 
tion with signals from other organs. 

Preferably two different nerve signals can^be^used to de- 
tect a detrusor contraction, wherg^fctlef irst signal comes 
from afferent nerves innervating the bladder, and the 
second signals come^-ffom efferent nerves innervating the 
detrusor muscl,e<^In this way the detrusor contraction can 
be detect^c more reliable. 
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Activating a neural circuit that inhibits the bladder 
contraction can be done by stimulating afferent nerve fi- 
bres, innervating mechanoreceptors, located in the glans 
of the penis or clitoris. In this way an ongoing detrusor 
contraction can be aborted or stopped and leakage of 
urine will be prevented. 
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The bladder volume can be derived from the amplitude of 
the recorded afferent signal. By measuring of the bladder 
volume the patient can be informed about his/her bladder 
volume . 




The bladder volume can be derived from the ti] 



between 2 



^jjj consecutive detrusor contractions. ByjoeSsuring of the 
15 bladder volume the patient can bj^Cnf ormed about his/her 
^ bladder volume. 

The bladder volupe^ can be derived form both the amplitude 
of the recorded nerve signal and the time between 2 con- 
20 secut^^jdetrusor contractions. This way the bladder vol- 
ume'can be estimated in a more reliable way. 



In the following the invention will be detailed described 
partly with reference to drawings. 

Fig.l shows a* block diagram of event driven stimulation 
system to treat an overactive bladder. 



Fig. 2 shows a block diagram of a bladder volume monitor- 
30 ing system. 

Fig. 3 shows schematically how the invention is applied. 



ft j^Mechanoreceptors located in the£ifcd.der wall act as ten- 
ii I 1 3 r f sion rece P tors and -respond^irfgraded fashion to increases 
i , in bladder volume and^arfvtr a vesical pressure [Sengupta and 
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Gebhart, 1994] . It has been shown that a close relations- 
ship between afferent nerve activity and the pattern /of 
intravesical pressure changes is best observed wher/^ the 
activity of many afferent nerve fibres is summed/ Sensor 
14 comprises an implantable nerve cuff electrode. This 
type of electrode surrounds the selected nerve in close 
proximity so currents generated by the nerve fibres re- 
sult in sufficient large voltage differences in the vol- 
ume within the cuff so that they can be/detected by the 
10 electrode. However, other electrode configurations such 

as intraf asicular electrodes could /also be used to detect 
the efferent nerve activity. The ^lectrode needs to be 
placed on a peripheral nerve 15/that contains afferent 
nerve fibres innervating mech^moreceptors located in the 
15 bladder. Possible locations/for the electrode are there- 
fore: intradural dorsal safcral nerve roots (S2-S4), ex- 
tradural sacral nerve repots (S2-S4), preganglionic pelvic 
nerve branches and posrganglionic nerve branches. An al- 
ternative method toydetect a bladder contraction is to 
20 record from the efrerent nerve fibres that innervate the 
detrusor muscle /An increase in the efferent signal re- 
sults in a detrusor contraction so an increased efferent 
signal indicates a detrusor contraction. Possible loca- 
tions for /the electrode to record efferent signals from 
25 peripheral nerve 15 are: intradural ventral sacral nerve 
roots ( / S2-S4^ extradural sacral nerve roots (S2-S4), 
preganglionic pelvic nerve branches and postganglionic 
nerye branches. 

30 The output of the sensor 14 is passed through a circuit 

13 that includes, an amplifier and a filter. The output of 
circuit 13 is passed to circuit 10, which contains a de- 
tection algorithm that allows the detection of the onset 
of a sudden rise in intravesical pressure or a detrusor 

35 contraction. The detection algorithm takes place in a 

signal processor 10, which will pass a trigger signal to 
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stimulator 11 when it detects such a pressure rise. The 
stimulator 11 includes one or more electrodes placed on 
peripheral sensory nerves 12. The stimulator 11 produces, 
in response to the trigger signal from circuit 10, an 
electrical potential difference, which will, result in an 
electrical current through the electrode and adjacent 
nervous tissue. A rapid change in this electrical current 
activates or stimulates nerve fibres causing the produc- 
tion of action potentials in peripheral nerve 12. It has 
been shown that activation of afferent nerve fibres,- in- 
nervating mechanoreceptors located in the glans of the 
penis or clitoris, has a strong inhibitory effect on the 
bladder. To obtain the desired effect of bladder inhibi- 
tion upon stimulation the afferents should be stimulated 
somewhere along their course from mechanoreceptors to the 
sacral spinal cord. This means that possible locations 
for the electrode to be placed on peripheral nerve 12 
are: dorsal penile/clitoris nerve, pudendal nerve, ex- 
tradural sacral' nerve roots (S2-S4) and intradural dorsal 
sacral nerve roots (S2-S4) . 

A system for monitoring the bladder volume is shown in 
FIG. 2. Mechanoreceptors located in the bladder wall act 
as tension receptors and respond in graded fashion to in- 
creases in bladder volume and intravesical pressure. It 
has been sh6wn that a close relationship exist between 
afferent nerve activity and bladder volume. In addition, 
bladder volume could be estimated from the time between 
two consecutive hyperref lexic bladder contractions since 
the number of contractions per time unit is proportional 
to the bladder volume. The preferred nerve electrode 25 
for this purpose is an implantable nerve cuff electrode, 
although other electrode configurations could also be 
used. The sensor 25 comprises an ' electrode, which needs 
to be placed on a peripheral sensory nerve 26 that con- 
tains afferent nerve fibres innervating mechanoreceptors 
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located in the bladder. Possible locations for the sensor 
25 are therefore: intradural dorsal sacral nerve roots 
(S2-S4), extradural sacral nerve roots (S2-S4), pregan- 
glionic pelvic nerve branches and postganglionic nerve 
5 branches. Sensor 25 could be the same one as, sensor 14 so 
the systems of FIG.l and FIG. 2 share the same electrode. 

The output of the sensor 25 is passed through a circuit 
24 that includes an amplifier and a filter. The output of 

10 circuit 24 is passed to signal processing unit 20, which 
contains an estimation algorithm that allows estimation 
of bladder volume. If the estimated volume exceeds the 
volume threshold then a trigger signal will be passed to 
transmitter 21. Upon receiving a trigger, transmitter 21 

15 sends a signal to receiver 22 using radio waves. Receiver 
22 is placed outside the body and will, upon receiving a 
signal from transmitter 21, pass a signal to actuator 23. 
Actuator 23 will alert the user that the bladder volume 
exceeded the volume threshold. Various devices could be 

20 used as actuator such as a buzzer, a vibrator, etc. 

Fig. 3 shows in detail the elements of the invent^ 
A Bladder 31 with a closing mechanism comprising a 
sphincter 32 together with the innervatirxgperipheral 
25 nerves, which comprises 34 intradura^aorsal sacral root 
34, intradural ventral sacral roofer 35, extradural sacral 
root 36, Preganglionic Pelvic^fierve 37, Postganglionic 
pelvic nerve 38 and Pudendal nerve 39. In addition the 
dorsal penile/clitoral/fierve 40 is shown. These nerves 
30 relay information t© and from the spinal cord 33. A re- 
cording electrode 41 senses information from the nerves 
37, and electrical information is transmitted through an 
electrode >iead 43 to a signal processing unit 44, which 
is connected to a stimulator 45. Signal from stimulator 
35 45 retransmitted through an electrode lead 43 to a 
stimulation electrode 42, which stimulates nerve 40. 
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10 Signal processor 

11 Stimulator 

12 Peripheral sensory /fierve 
5 13 Amplifier 

14 Sensor 

15 Peripheral neryfe 

20 Signal processor 
10 21 Transmitter/ 

22 Receiver 

23 Actuator 

24 Amplifier 

25 Sensory 
15 26 Peripheral sensory nerve 



31 Bladder 

32 Spnincter 

33 Spinal cord 
20 34 intradural dorsal sacral root 

35/ intradural ventral sacral root 
3jS extradural sacral root 
M Preganglionic Pelvic nerve 
r 38 Postganglionic pelvic nerve 
25 / 39 Pudendal nerve 

40 Dorsal periile/clitoral nerve 

41 Recording electrode 

42 Stimulation Electrode 

43 Electrode lead 
30 44 Signal processing unit 

45 Stimulator 



